Introduction
In the course of the previous study entitled " Chronological Study of Enamel Knot with Special Reference to Mitoses in Enamel Knot" the present author noticed the presence of (1) specific spindle cells with nuclei stained darkly with hematoxylin in the vicinity of the enamel knot as well as (2) small granules or globular substances of brownish black or yellowish brown in color in the enamel knot. They appeared only in the early cap stage. Since there was no previous report of these structures in the tooth germ, the author conducted a histological study on human and mouse fetuses using various staining methods, and these results are herein reported.
Materials and Methods
Materials used were as follows : Human fetus : 35 fetuses, ranging from 5 mm to 135 mm in crown-rump length, were fixed with 10% formalin.
Transverse serial sections were of 10-20 pc in thickness, stained with hematoxylin and eosin.
Mouse embryo : At the 11th, 12th, 13th, 14th and 15th days of pregnancy, eight female pregnant mice of the DDD strain were killed, respectively, taking out 49 embryos in total. Time of mating could be exactly decided by the vaginal plug technique. The ages of the embryos were assigned according to the description of Walker (1954) , the time of copulation being accepted as the Zero hour, but the morphological criterion of the developmental stage was also taken into account. The fixation, embedding, thickness of frontal sections, staining methods are as follows.
The Feulgen reaction and Methyl Green-Pyronin reaction were processed according to the technic of Barka-Anderson (1963 In the two specimens of 36 mm crown-rump length, slender spindle cells, the nucleus being stained darkly with Hematoxylin, were observed in the vicinity of the enamel knot, only in the early cap stage. However, the nucleus was no shrinkage.
These cells are to be referred to as spindle cells. The small granules or globular substances (2-3 u in diameter), brownish black or yellowish brown in color, were also found in the enamel knot. However, they were not observed in the other stages (Figs. 1, 2 ).
(B) Mouse embryo : The developmental processes of the mouse enamel organ are approximately the same as that of the human. In the case of the mouse, however, the spindle cells were scattered in the free end of the epithelial ingrowth at the bud stage. Just as in the human, the nuclei of the spindle cells were darkly stained with hematoxylin but there was no shrinkage, the cytoplasm being hardly visible. In the early cap stage, where the enamel knot projected into the future dental papilla, the spindle cells were observed in the vicinity of the enamel knot.
As in the human fetus, small globular substances were present, being brownish black or yellowish brown in color. In the later cap stage, when the enamel knot was reduced and the stellate reticulum was evident, the spindle cells and globular substances had disappeared (Figs. 3, 4, 5) .
(2) Findings with Masson-Goldner Stain :
The nuclei of dental epithelium other than the spindle cells were round or oval, stained dark brown or creamy brown, the cytoplasm assuming a yellowish brown or nacarat color. In the bud stage as well as in the cap stage the nuclei of the spindle cells were faintly tinged with green or did not react tinctorially.
The cytoplasm were not clearly observable.
The small globular substances were stained homogenously umber or drab darkly, while red blood cells assumed a purple orange color. Certain irregular shaped mesodermal cells, whose nuclei showed almost the same hue as that of the spindle cells, were present within the dental papilla. These irregular shaped mesenchymal cells also vanished with the disappearance of spindle cells. The praeformative membrane between the dental epithelium and the dental papilla showed such a shade of color as lighter green (Figs. 6, 7) .
(3) Findings with Mallory-Heidenhain Stain : _ The nuclei and cytoplasm of the dental epithelial cells were purplish red or orange red, but the former were stained darker than the latter. The findings regarding the spindle cells in the bud stage were the same as those in the cap stage, the nuclei of the spindle cells being stained green or leek green, or chromophobe.
The cytoplasm were not seen, some of irregular-shaped mesenchymal cells in the dental papilla, whose nuclei showed almost the same hue as that of the spindle cells.
The small globular substances in the enamel knot assumed a red brown or drab color, while the red blood cells assumed a red color. The praeformative membrane showed a blue color (Figs. 8, 9 ). The small globular substances in the enamel knot were active with Feulgen reaction, no other specific character being recognized.
Discussion
(1) Although there is considerable literature on the development of the tooth germ, the spindle cells and the globular substances mentioned above have not been previously described.
The spindle cells in the human fetuses are observed only in the early cap stage, while in the mouse embryos they are already scattered in the free end of the tooth bud. In the early cap stage they are located among the cells of the inner enamel epithelium in the vicinity of the enamel knot and vanish in the later cap stage.
From these chronological facts they might have some relationship to the enamel knot.
(2) The cytoplasm of the spindle cells is not stained with eosin, ponceau, acid-fuchsin and orange G. The cytoplasm is believed to be stained with the above mentioned reagents (Heidenhain, 1915 ; Goldner, 1938) and, generally speaking, light green and anilin blue can stain the indigenous constituents of the connective tissues (Herms, 1951 ; Conn, 1961) . With Masson Goldner stain and Mallory Heidenhain. stain, the nuclei of the spindle cells were stained slightly in some case, and in other cases they were chromophobe.
The time of the tinctorial reaction may be responsible for the above results.
It is interesting that the cells having the same affinity as the spindle cells were found in the dental papilla.
On the other hand, the nuclei of the spindle cells were hyperchromatic with hematoxylin, neither shrinkage nor pycnosis was observed. With Feulgen reaction and methyl green-pyronin stain, no difference was recognized among the spindle cells, the dental epithelial cells and the mesenchymal cells of the dental papilla. These results may suggest that the characteristics of the spindle cells lie in the protein portions, not in the nucleic acid. Leuchtenberger (1950) reported that the nuclear chemical components change in the pycnotic degeneration.
However, the nuclear shrinkage were not seen in the spindle cells. In regard to the fact that the spindle cells should be regarded as degenerating cells, there is some room for consideration, and therefore further studies on this problem are required.
(3) The small globular substances were stained brownish black or yellowish brown with hematoxylin and eosin stain.
The time and location of the appearance of the globular substances in the mouse embryos were the same as those in the human fetuses. With Masson Goldner stain, they assumed a brown or olive brown color, while the red blood cells assumed a purple orange color with Mollory-Heidenhain stain, the former showed red brown or drab, while the latter red. Therefore, the small globular substances were proved to be different from the red blood cells. They were positive with Feulgen reaction.
Cell death has been discussed by Glucksman (1951) , Brachet (1960) , Saunders, J. W., JR. and Gasseling (1962) and Saunders, J. W., JR. (1966) . Cell degeneration and cell death occur frequently in large numbers in the certain stages of development and in specific areas of embryo in relation to (1) morphological movement (foldings, confluence of anlagen, detachment, etc), (2) histological differentiation and (3) resorption of transient structures (Muller's duct in male embryos, tadopol tail) (Saunders, J.W., JR. and Gasseling, 1962) .
Although cell death in the dental epithelium has not been reported, the globular substances might be products of cell death or degeneration, The fact that the substances, presumably products of the cell death, were observed conspicuously in the enamel knot is suggestive of the significance' of the enamel knot.
Summary
(1) In the early developmental stage of the tooth germ, specific spindle cells and small globular substances appear in the enamel knot. In the human fetus it is only in the early cap stage that the spindle cells were observed in the vicinity of the enamel knot, while in the mouse embryo they are present not only in the early cap stage but also in the free end of the bud-shaped epithelial ingrowth.
(2) The nuclei of the spindle cells were stained darkly with hematoxylin, while the nuclear shrinkage was hardly observable. The nuclei of the spindle cells were stained green or leek green or lacked the staining affinity with Mallory Heidenhain and Masson Goldner stains.
With regard to Feulgen reaction and methyl-green pyronin stain, no specific features were recognized.
(3) In the dental papilla some of irregular shaped mesenchymal cells had nuclei which showed almost the same hue as that of the spindle cells with the above stain methods.
(4) In the early cap stage small globular substances were also observed in the enamel knot. They were stained brownish black or yellowish brown with hematoxylin and eosin stain, homogenously umber or drab darkly with Masson Goldner stain, and red brown or drab with Mallory .Heidenhain stain. They showed a positive Feulgen reaction.
Therefore, they are not red blood cells, but probably represent product of cell death. Hematoxylin' and eosin. X270 
